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Introduction:
1 The concrete industry is blamed to contribute 5-7% of total carbon-di-oxide emission 2 into the atmosphere and the manufacturing of cement is the key contributor of that carbon-di-3 oxide emission [1] . On the other hand, huge amount wastes e.g. fly ash, blast furnace slag and 4 silica fume are generated from coal fired power stations, steel and ferrosilicon manufacturing 5 industries, respectively which are generally used for land filling. However, a significant 
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The addition of fibres in concrete to overcome its low tensile strength and brittle 12 behaviour is a common practice in concrete technology. Improvement in tensile and flexural 
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In order to achieve the full efficiency of the fibres in the FRC, bond between the 22 fibres and the matrix plays an important role. The fibre-matrix interface characteristic (known 23 as fibre-matrix transition zone) is the most important factor which affects the bond strength.
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It is well known that the fibre-matrix transition zone in matured composite is porous and also 25 filled with calcium hydroxide (CH) that is in direct contact with the fibre surface [5] . In a 26 study by Wang and Li [6] on the bond strength of PVA fibre in HVFA matrix, they observed 27 reduction in both frictional and chemical bonds in PVA fibre with increase in fly ash 28 contents. In numerous studies, it has been observed that the porosity of HVFA matrix is 29 higher than its counterpart OPC matrix [7] [8] . These indicate that, in the case of fibre 30 reinforced high volume fly ash (HVFA) composite, the interfacial transition zone between the 31 matrix and the fibre will be more porous, which might affect the bond behaviour of the fibre 32 with HVFA matrix. The addition of ultrafine SCM in the HVFA matrix improves the 1 microstructure through reducing the porosity. Generally, silica fume, ultrafine fly ash and 2 various nano particles are finer and more amorphous than conventional SCM e.g. ordinary fly 3 ash, slag, rice husk ash, etc. and they provide two benefits, one in the form of generating 4 additional C-S-H gels in the matrix due to their high fineness and amorphous nature, and the 5 other is through particle packing. In limited studies, the effect of silica fume, metakaolin, slag 6 and fly ash on the bond behaviour of fibres in cement matrix are evaluated. Yalcinkaya et al.
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[9] reported about 12% and 10% increase in pull-out load of hook end steel fibre in cement 8 matrix due to partial replacement of cement with 15% and 30% metakaolin, respectively. In 9 the case of straight steel fibre this improvement was below 5% in both metakaolin contents.
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The addition of metakaolin increased the pull-out load and debonding toughness (area under 11 the pull-out load-slip curve) of hook end steel fibre by 180-199% and 129-187%, The mortars that were prepared for the pull-out tests were poured in to 12×24×42mm 31 plastic moulds. After placing the mortar into the mould, a single fibre was centrally 32 embedded into the fresh mortar by a system which allowed the fibre to remain perpendicular 33 to the surface of the specimen as shown in Fig. 2 . First a fibre was inserted at the centre in to 1 a hard paper board of 12×24 mm size (same as cross-section of the mould) and was placed at 2 the middle of each fibre in order to make sure that half of the length of the fibre is embedded 3 in to the mortar. Then it was placed inside the mould in such a way that the paper board is 
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Some important parameters such as maximum (peak) pull-out load, displacement at peak 19 pull-out load, bond stress and absorption energy (area under the pull-out load -displacement 20 curve of each mortar) were calculated by analysing the pull-out load-displacement curves. and combined 2% NS and 10% MS is due to their higher amounts compared to the lower 33 amount (only 2%) of NS. Nevertheless it can be seen that the addition of nano and micro silica in HVFA mortar reduced its workability and is due to significantly higher surface area 1 of nano and micro silica particles than the fly ash and the OPC particles.
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The effects of NS and MS on the compressive strength development of HVFA mortar 3 containing 40% fly ash (FA40) is shown in Fig. 6 . It can be seen that the both 7 and 28 days 4 compressive strengths of FA40 are increased due to addition of 2% NS, 10% MS and 5 combined 2% NS and 10% MS. It can also be seen that the improvement in compressive 6 strength of HVFA mortar containing 40% fly ash is almost similar in the case of 2% NS and 7 10% MS addition. However, the combined addition of 2% NS and 10% MS showed good 8 improvement in 28 days compressive strength. The improvement in both 7 and 28 days 9 compressive strength of FA40 mortar due to addition of nano and micro silica can be 10 attributed to the significantly higher finesses of these ultrafine pozzolans and higher 11 amorphous content of SiO2 than the class F fly ash. The better particle packing of nano and 12 micro silica due to their extremely small particle size is also believed to contribute to the 13 compressive strength development. 
Pull-out load vs displacement behaviour of steel fibres at 28 days 21 22
The pull-out load -displacement behaviour of steel fibres in different HVFA mortars 23 after 28 days of curing is shown in Fig. 9 and the maximum pull-out loads are plotted in can be seen that peak pull-out load is increased due to addition of nano and micro silica after higher is the energy absorption by the steel fibres during pull-out process from the matrix.
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However, in many cases sudden drop in pull-out load is observed which is believed to be 32 associated with the cracking near the bended area due to relatively low strength of HVFA 33 matrix. various mortars can also be seen.
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Effect of NS, MS and their combination on the bond behaviour of PP fibre in HVFA mortar
11
The effects of addition of NS and MS on the bond behaviour of PP fibre in HVFA mortar mortar at both 7 and 28 days is shown in Fig. 16 . By comparing between 7 and 28 days 25 results it can be seen that the absorbed energy by PP fibres is slightly higher at 28 days than 7 26 days, which was completely different in the case of steel fibre where at 28 days significant 27 improvement in energy absorption is noticed. These results clearly indicate that the frictional 28 bond of PP fibre with HVFA matrix is not as strong as in the case of steel fibre. It should be 29 noted that the bend configurations at steel fibre ends might have played an important role in 30 the higher energy absorption. It is also interesting to see that the effects of nano and micro 31 silica on the energy absorption of PP fibre in HVFA mortar at 7 days is better than that 32 observed at 28 days, although in the case of steel fibre good improvement was observed at 28 33 days presumably due to the effects of bends. A very good correlation with R 2 value >0.8 between the compressive strengths of HVFA mortars and the maximum pull-out load of PP 1 fibres at both ages is also observed and is shown in Fig. 17 . It can be seen that the correlation 2 of maximum pull-out load of PP fibre with compressive strength at both ages is very similar 3 to that observed in the case of steel fibres, indicating that the compressive strength of mortar 4 or matrix plays an important role on the pull-out load of fibre embedded into the matrix. showed slightly higher peak pull-out load of both steel and PP fibres compared to 2%
29
NS and 10% MS in HVFA mortar. 
